Based on an inexpensive popular precision timing chip 555 timer, a resistance to time converter is proposed in this paper it is indeed capable of converting resistive and capacitive changes into pulse widths of proportional durations. This converter exhibits a compatibility of wider conversion range with a reasonable level of sensitivity required for industrial applications. The circuit is expected to have application in oil and water supply schemes. Simulated results are shown to be compared with mathematical derivations, both reporting a good level of response matching very closely with the derived results, where a 70% deviation of an elemental value corresponds to a mismatch of 50-70 micro-seconds between derived and simulation results.
INTRODUCTION
In monitoring, automation and control, small resistive changes can emmulate the physical parameter of our interest such as force, displacement, vibration, and temperature. Conversion of resistive changes into corresponding time period or frequency changes has been presented since very long. Such conversions have been one of the most reliable and significant measurement steps in resistive transducers applications commonly used in today's industry. Their application is on the rise particularly in cases of automation and control being carried out wirelessly through small distances such as narrow gaps.
Resistance to time (or frequency) converters of critical importance in small measurements activities. These measurements have been traditionally carried out by transducers normally exhibiting linear precise responses over a limited range. When carried out over a wide range, such transducers usually start showing nonlinear responses, which results in inaccuracies. Such inaccuracies were not considered noticeable when looked from the traditional transducers' view point, where even sizeable errors were overlooked. However, in today's smart applications the overlooked ignorable mismatches are considered unaffordable. Therefore, it is crucial to implement a circuit which would be able to produce a linear as well as highly sensitive output.
Various papers have presented and proposed converter circuit that can be implemented in the transducer to produce a linear as well as highly sensitive output. Two main papers of interest are [1] [2] which presented the circuit by implementing Wheatstone bridge as well as amplifier bridge. In these papers, the effect of offset error and its compensation is being discussed to show that linearity improves with offset compensation scheme.
The first paper by Mochizuki and Watanabe [1] implemented a relaxation oscillator with the combination of the Wheatstone bridge resistor. Wheatstone is implemented due to its ability to detect small changes in terms of resistance deviations as compared to the early implementation of relaxation oscillator [1] . However, nonlinearity characteristic starts to appear when the period is amplified due to time-delay which is onward solved by using compensation techniques.
The second paper by S. Kaliyugavaradan [2] proposed a refined version of the circuit which not only rules out the need for using compensation arrangement, but also provided grounded transducer. This paper refines the existing works with by implementing a monostable circuit to produce the same resistance deviation to frequency converter with improved linearity and sensitivity over a wider range. This paper will attempt to prove the reliability of using monostable circuit by presenting the results of the output as compared to the theoretical derivations.
STATE OF THE ART WORK
Making use of a bridge, reference [1] suggests a resistance to frequency converter with a resolution of 0.05% and linearity maintained over a given range. The offset error produced by the OP AMP used is a major obstacle, which is addressed by the feedback of a fraction of the output. The suggested circuit has signal processing applications.
A linear resistance-to-time converter with high resolution has been reported [2] . The results obtained had a good level of linearity with the nonlinearity error less than േ0.1% over the range of 950 Ω -2950 Ω and the conversion sensitivity of 50 µs/Ω.
Another highly quoted paper [3] , proposes a resistance-to-time converter which is also implemented on a resistive bridge configuration. Over a resistance deviation range of 0 -2 Ω, the converter exhibits a response with nonlinearity error less than 0.005 %. Further, it is reported to have exhibited a conversion sensitivity of 2832.4 µs/Ω.
All the above converters are suggesting custom built electronic approaches, which on occasions will be making it challenging task, considering the availability of the required components. This converter uses a 555-timer connected in a monostable mode. This circuit produce small resistance variations as pulse-width conversions through the use of a 555-timer, that can be made easily available avoiding the requirement of custom-built electronic conversion circuit. The challenges are to obtain a high level of linearity and better conversion sensitivity over a wider range of resistance deviation.
THEORY AND SIMULATION OF PROPOSED RESISTANCE TO TIME CONVERTER
The circuit diagram of Fig. 1(a) is a basic mono-stable multi-vibrator, also called 'one-shot' pulse generation circuit which uses a 555 IC timer circuit. The external resistor and capacitor (RC) network is connected between power supply and ground. An input trigger pulse is applied to trigger input pin (Pin4) of the timer which is normally kept at high. The output of the mono-stable multi-vibrator remains at low before it is triggered. As the trigger pin turns low the timer generate a pulse at the output for a period which is equal to the value of its time constant (values of external resistor and capacitor used). The duration of the resulting pulse can be theoretically derived as given in following equation. In another configuration Fig. 2 (a) , two mono-stable circuits are used and connected in parallel. The same values are used for the external resistor and capacitor, having equal time constants, and as shown in Fig. 2(b) , no pulse is produced as a result. In another such configuration Fig. 3 (a) , the two mono-stable circuits are connected in parallel similar to that shown in Fig. 2 . Keeping capacitance the same, the resistance values are kept different for two unequal time constants. So, they do produce a pulse at the output of the exclusive-OR gate with width given by The final arrangement is presented in Fig. 4(a) . Unlike the circuit of Fig. 3 , in this circuit each mono-stable circuit has used resistors of equal values while two capacitors of dissimilar values. Ultimately this slightly modified arrangement attempts to produce pulse of a width given by
(a) (b) Fig. 4: (a) . Two mono-stable circuits connected in parallel for capacitive deviation (b). Generated pulse of two mono-stable circuits connected in parallel for capacitive deviation (49 µF).
SIMULATION RESULTS AND DISCUSSION
The proposed circuit has highlighted the conversion of a small resistance changes into narrow pulse widths (microsecond range). The relationship between these changes appears to be linear over a certain range of resistive and capacitive variations. In Figure 5 (a) Pulsewidth versus percentage resistance deviation and while in Figure 5 (b) Pulse-width versus Percentage capacitive deviations are shown respectively. These plots are derived from data given in Table 1 and 2 respectively (see APPENDIX I). The simulation plots generated using MATLAB confirm with the mathamatical equations. For resistance changes of up to 10 Ω, a pulse width of 200 µs is produced. The maximum width of pulse is about 1400 µs when the resistance deviation is near to about 100%. sensitivity of 20 µs/Ω is obtained over this resistive deviation. It is apparent that the converter's sensitivity is of a poorer value than [8] but has shown a good level of linearity over a much wider range of 0-60 Ω (0-100%). Further increase of resistive values shows a nonlinear response.
Fig. 5 (b): Pulse width versus Percentage capacitive deviation (µF)
Comparing the response shown Fig. 5(b) , the conversion of pulse width with percentage increase in capacitive changes shows a direct linear behavior over the ranges 0-90 µF range. A variation of 100µs pulse width is generated for a cpacitve chnage of 10 µF, giving a sensitivity of 10µs/µF is obtained over the described range of 0-90 µF. From the resulting plots given above it is obvious that the size of the pulse width obtained is dependent on resistance and capacitance values respectively. Although this conversion of resistive and capacitive changes do not produce subsequent time width of same size, both the suggested circuits behaved in a linear fashion over a time under consideration. The results of this work can be applied in converting small resistive or capacitive changes into their pulses of width equivalent to corresponding changes. The same concepts might be useful for signal extract from embedded transducers as such concepts is the foundation principal of pulse-width-modulation (PWM). Further, the resolution and sensitivity of the circuits under consideration could be adjusted to application specific case study requirements.
CONCLUSION
A new design of resistance deviation to frequency converter utilizing a monostable circuit 555-timer is presented in this paper. From the simulation results, it is evident that the proposed converter circuit produce a good level of linearity of up to 100% ranges with sensitivity of 20 µs/Ω and 10 µs/µF for resistance and capacitance variations respectively. Unlike conventional circuits, this converter avoids using integrator, oscillator and bridge circuits. This simple converter is tolerent to offers better performance in terms of linearity and wider rage of daviations and is suitable for applications in the oil and water treatment industry APPENDIX I 
